This study evaluated the parasite fauna on the gills of spotted goatfish Pseudupeneus maculatus captured in the dry and rainy seasons in the coast of the State of Pernambuco, Brazil. Eight parasite species were identified belonging to the following taxa: Monogenea (Haliotrema caraïbensis, Haliotrema caballeroi and Haliotrema golvani); Crustacea (Rocinela signata, Hamaticolax scutigerulus and Caligidae gen. sp.) and Cestoda (Nybelinia indica and Pseudolacistorhynchus noodti). The most prevalent parasites were: Monogenea (100%), H. scutigerulus (35%), N. indica (11.7%), R. signata (8.3%), Caligidae gen. sp. (3.33%) and P. noodti (0.83%). Values of infestation are compared to other studies, and the uncommon occurrence of Trypanorhyncha on the gills suggests that the spotted goatfish could be an intermediate host for the parasite.
Gill metazoan parasites of the spotted goatfish

Introduction
The spotted goatfish Pseudupeneus maculatus (Bloch, 1793) is a marine demersal fish found in coral reefs, foraging mixed substrates of sand, gravel and rock Sazima et al., 2006) . It occurs in the West Atlantic, from Bermudas through New Jersey to the State of Santa Catarina, South Brazil (Hostim-Silva et al., 2006) . It is common along the Brazilian littoral and extremely important for fishery in the State of Pernambuco (Santana et al., 2006; Lima et al., 2008) .
The increase of fish consumption per capita and the development of farming practices around the world became accompanied by an increase in the studies involving parasites of marine fishes. Nonetheless, studies on the parasitic fauna associated with the spotted goatfish in Brazil are still scarce. Palm (1997) registered five species of Trypanorhyncha cestodes and Lima et al. (2008) reported the occurrence of nematode eggs of Capillaria sp., from fish captured in the State of Pernambuco, Brazil.
Parasite diversity and their ecological role in the ecosystems support tools for better understanding the biosphere (Luque and Poulin, 2007) . In addition, the parasitological indexes allow us: to measure the amount of fish affected by the parasites in relation to the total population of analyzed fish; to know the extension of parasitic infestation; to comprehend the fish health status and; to detect natural and/or anthropogenic alterations (Barber et al., 2000; Nachev and Sures, 2009 ). This study investigated the metazoan parasites associated with the gills of wild spotted goatfish from the Coast of Pernambuco State, Northeast Brazil and the parasitological indexes along one year of sampling.
Material and Methods
Fish were captured from October 2012 to September 2013 from the Coast of Pernambuco, Brazil. The fish were captured by local fishermen at 20 m depth in the area comprising the following geographic locations: 1 (7°37'28.43"S 34° 1'10.24"O), close to Goiana municipality; 2 (7'50.34"S 34°43'41.73"O) in the Metropolitan region of Recife; and 3 (8°54'41.79"S 33°57'23.45"O) close to São José da Coroa Grande municipality (Figure 1 ).
Fish were kept in thermal boxes with ice and transferred to the Marine Fish Farming Laboratory/LPM of Fisheries and Aquaculture Department /DEPAQ, Federal Rural University of Pernambuco/UFRPE for biometry and necropsy. The gills were processed according to Jerônimo et al. (2011) , kept in flasks and sent to AQUOS-Aquatic Organisms Health Laboratory, Federal University of Santa Catarina for quantification and identification.
Monogenean parasites were mounted unstained in Hoyer´s medium and identified according to Zhukov (1981) and Euzet and Vala (1976) . The isopods were observed under a stereomicroscope and identified according to Brusca and France (1992) . Taxonomic identification of copepods was based in adult specimens and processed following the Humes and Gooding (1964) method for identification (Vervoort, 1969; Ho and Lin, 2005; Morales-Serna and Gómez, 2010) . Cestodes were stained with Langeron's alcoholic chlorhydric carmine, dehydrated and clarified in Beechwood creosote, mounted in Canada balsam (Eiras et al., 2006) and identified according to Palm (1995 Palm ( , 1997 and Palm and Walter (2000) , Campbell and Beveridge (1994) and Chandra (1986) . Parasitological indexes prevalence, mean intensity and mean abundance of parasites were calculated following Bush et al. (1997) .
According to the pluviosity data provided by the Agência Pernambucana de Águas e Clima (APAC), the dry season was defined between October and March (37.8±19.93 mm), and the rainy season between April Figure 1 . Location of the three sites (1, 2 and 3) of capture of 120 specimens of Pseudupeneus maculatus used in this study.
and September (213.1±76.85 mm). The abundance values of parasites were compared between seasons using the Mann-Whitney U test (α=0.05).
Results
A total of 120 specimens of P. maculatus (10 fish per month), with 140.2±45.2 (47.5 to 262.1) g and 21.5±2.1 (16 to 27) cm total length were analyzed for parasites. Eight parasite taxa were collected, being the monogeneans Haliotrema caballeroi Euzet and Vala, 1976 , H. golvani Euzet and Vala, 1976 and H. caraibensis Euzet and Vala, 1976 the most prevalent species, each of them presenting 100% prevalence. Haliotrema caballeroi also presented the highest values of mean intensity and mean abundance. The cestode Pseudolacistorhynchus noodti Palm, 1995 was the species with the lowest values of prevalence, mean intensity and mean abundance. Parasite taxa and respective values of prevalence, mean intensity and mean abundance are shown in Table 1 .
The parasites that presented significant differences (p<0.05) between seasons were Haliotrema caraibensis (dry 440.7±681.2; rainy 102.4±92.9), H. caballeroi (dry 41.9±64.8; rainy 10.2±9.0) and H. golvani (dry 167.7±259.6; rainy 38.2±35.9), all of them presenting the highest abundance in the dry season.
Discussion
The knowledge of the parasitic fauna associated with marine fishes can contribute for better understanding the ecosystem complexity and ecological relationships. Different factors can have influence on the diversity and richness of fish parasites, such as sex, weight, length, eating habits, mode of life, geographic and seasonal distribution of the hosts in relation to time and space (Dogiel, 1964; Poulin and Morand, 2004) .
Some interesting studies were performed regarding the parasitic fauna of marine fish. Cezar and Luque (1999) reported the metazoan parasites Monogenea, Digenea and Copepoda from Chaetodipterus faber in the Rio de Janeiro. Copepoda was the most abundant parasite and its prevalence was higher than the ones observed in the present study, possibly due to a monoxenic life cycle and eating habits including free-swimming stages of the parasites.
Studying the parasitic fauna of wild and farmed groupers Epinephelus marginatus in the Southeast Brazil, Roumbedakis et al. (2013) have also found different taxa composed by Monogenea Pseudorhabdosynochus beverleyburtonae (Oliver, 1984) The spotted goatfish is a marine fish living lonely or in small groups being commonly found in the bottom where moves the substrate searching for food mostly small invertebrates from the zoobenthos (Dubin, 1982; Aronson and Sanderson, 1987; Cervigón, 1993) . This behavior associated with the monoxenic life cycle of monogenean parasites in which release eggs provided by filamentous structures (Whittington and Kearn, 1988; Grano-Maldonado et al., 2011) , might have improved their transmission explaining the high prevalence rate (100%) found in this study. The species of Haliotrema herein reported were also Table 1 . Prevalence (P), mean intensity (MI) and mean abundance of infestation (MA) ± standard deviation (SD) followed by minimum and maximum values of gill metazoan parasites of Pseudupeneus maculatus from the Pernambuco Coast, Northeast Brazil. Hermida et al., 2014) . This study showed similar values of infestation when compared to other fish species. Slightly higher prevalence in the spotted goatfish herein studied was observed in comparison to M. argentinae , lane snapper Lutjanus synagris (Cavalcanti et al., 2013) , mutton snapper Lutjanus analis (Hermida et al., 2014) , blue runner Caranx crysos, castin leatherjacket Oligoplites saliens and largehead hairtail Trichiurus lepturus (Carvalho-Souza et al., 2009) , and the former have reported by the first time its occurrence in the Baía de Cotegipe, Bahia, Northeast Brazil. Contrarily to that observed in this study, high prevalence rates were found in Spanish mackerel Scomberomorus brasiliensis and in parrotfish Sparisoma frondosum from the Rio Grande do Norte (Lima et al., 2005; Cavalcanti et al., 2012) . Bunkley-Williams et al. (2006) reported low prevalences of R. signata in tomtate grunt Haemulon aurolineatum (0.45%), Corocoro grunt Orthopristis ruber (0.49%) and in glasseye Heteropriacanthus cruentatus (0.22%). In relation to mean intensity and abundance, similar values were found in M. argentinae , in L. synagris (Cavalcanti et al., 2013) , in L. analis (Hermida et al., 2014) , in C. crysos, O. saliens and T. lepturus (Carvalho-Souza et al., 2009 ) and in S. frondosum (Cavalcanti et al., 2012) . Apart from the great variety of hosts for Aegidae its preference by some fish species must not be excluded once the prevalence values differ among different hosts.
Parasites P (%) MI±SD (max-min) MA±SD (max-min) Monogenea
The spotted goatfish P. maculatus from this study even showed to be parasitized by copepods. Caligidae has been reported parasitizing several marine fish species being found in high parasitic levels. As for example, in Brazil, Caligus bonito Wilson, 1905 was recorded in the mullet Mugil platanus (Knoff et al., 1994) ; Caligus praetextus Bere, 1936 in the common snook Centropomus undecimalis in the Rio de Janeiro, Southeast Brazil (Tavares and Luque, 2001) ; Tuxophorus caligodes, Caligus robustus Bassett-Smith, 1898, C. bonito, C. rufimaculatus Wilson, 1905 and Metacaligus rufus (Wilson, 1908) in the hosts O. saliens, O. palometa and O. saurus from Rio de Janeiro (Takemoto and Luque, 2002) . Contrarily, the parasitological indexes previously found by those authors were greater than that related in this study. Apart from Caligidae gen. sp., another copepod was also found in spotted goatfish from Curaçao and Belize. The Bomolochidae Hamaticolax scutigerulus was described by Vervoort (1969) and Cressey (1983) . In Brazil, Tavares and Luque (2003) have described new species of Bomolochidae Hamaticolax unisagittatus (Tavares & Luque 2003 ) (=Acantholochus unisagittatus sp. nov.) in common snook from the Rio de Janeiro in high prevalence and mean abundance levels.
Copepods are small and abundant aquatic crustaceans found in many hosts from different microhabitats presenting the most important group associated with fish of economic importance. The ventral body structures and the hooks are one of the strategies used by the family Bomolochidae for attachment and sucking on the gills, internal portion of operculum, fins, skin and eyes of the hosts (Radhakrishnan and Nair, 1983; Boxshall et al., 2005) . These parasites normally do not cause injury to the hosts unless present in very large quantities when the wounds are opened favoring the secondary infection.
Two species of Trypanorhyncha cestodes were observed encysted in the muscular region of the gills of spotted goatfish in this study: Nybelinia indica and Pseudolacistorhynchus noodti. Analyzing Trypanorhyncha from commercial fish of the Brazilian Coast, Palm (1997) observed Pseudolacistorhynchus noodti Palm, 1995 , Mixonybelinia edwinlintoni (Dollfus, 1960 (=Nybelinia edwinlintoni), Pseudotobothrium dipsacum (Linton, 1897) , N. indica e Nybelinia c.f. lingualis Cuvier, 1817 parasitizing the visceral cavity, mesentery and/or stomach wall of spotted goatfish in Pernambuco, Brazil. The prevalence found by Palm (1997) was higher for P. oodti, M. edwinlintoni, P. dipsacum and similar for N. indica e N. c.f. lingualis from the present study. These cestodes were also reported by Luque et al. (2002) in the visceral cavity of M. argentinae captured in the littoral of Rio de Janeiro; Silva Júnior (2010) in the muscle of South American silver croaker Plagioscion squamosissimus commercialized in the Fisheries Market, Amapá, Macapá, North Brazil; and by Dias et al. (2010) , in the liver and mesentery of unicorn leatherjacket filefish Aluterus monoceros in the Rio de Janeiro, Southeast Brazil. Larval stages (plerocercoid) of these cestodes are mostly studied in intermediate hosts like teleost fishes, cephalopods and crustaceans. The adults of Trypanorhyncha can be found parasitizing the intestines of elasmobranchs, sharks and stingrays. According to the topic, the spotted goatfish P. maculatus can be considered another intermediate host for Trypanorhyncha cestodes.
In the present study, the abundance of monogeneans was higher in the dry season, which corresponds in great part to Spring and Summer. Some studies on monogenean parasites of marine fish also reported an increase in the number of parasites in the warmer seasons. Kamiso and Olson (1986) analyzed the fish Parophrys vetulus from the Coast of Oregon, USA, and observed the highest values of prevalence and mean intensity of the parasite Gyrodactylus stellatus (Olson and Pratt, 1973) in Spring. Bayoumi et al. (2008) analyzed five species of fish hosts from the Egyptian red sea, and found that Haliotrema sp. presented the highest values of prevalence during Spring and Summer. Rückert et al. (2010) studied several groups of parasites of Epinephelus fuscoguttatus in Indonesia and observed the highest prevalence of Benedenia epinepheli (Yamaguti, 1937) in the dry season. Luo and Yang (2012) analyzed the infestation of monogeneans on the gills of Epinephelus coioides from the South China Sea, and observed that the mean abundance of Pseudorhabdosynochus grouperi (Bu, Leong, Wong, Woo and Foo, 1999) was higher in Summer. Roumbedakis et al. (2013) observed that the abundance of Neobenedenia melleni (MacCallum, 1927) on the host Epinephelus marginatus from the Coast of Ubatuba, São Paulo State, Brazil increased during the warmer seasons.
It is known that mostly the water temperature, conditioned to pluviosity, has effect on the biology of hosts and parasites (Oliver, 1982; Soleng et al., 1999) . It is the main abiotic factor responsible for regulating reproduction of monogeneans; in general, the embryonic period decrease with the increase of temperature and, for some species, there is a delay in the eggs eclosion under low temperatures (Gannicott and Tinsley, 1998) . In addition, Bayoumi et al. (2008) state that the temperature affects the longevity of free-living stages, infectivity and life spam of monogeneans.
Conclusion
In conclusion, eight species of parasites belonging to three different taxa were found: Monogenea, Crustacea and Cestoda were recorded. All of Haliotrema species showed the highest parasitological indexes. The uncommon occurrence of Trypanorhyncha on the gills suggests that the spotted goatfish is an intermediate host for this parasite.
